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arranged on the first surface; and a passivated contact
layer including a polysilicon doped conductive layer, the
passivated contact layer being arranged on the second
surface.
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Description
TECHNICAL FIELD

[0001] The presentdisclosure relates to the field of so-
lar cell technologies, and in particular, to a solar cell and
a manufacturing method thereof, a photovoltaic module,
and a photovoltaic system.

BACKGROUND

[0002] With the rapid development of photovoltaic
technologies, conversion efficiency of crystalline silicon
solar cells is increasing year by year. At present, tunnel
oxide passivated contact (TOPCon) cells stand out with
lots of advantages such as high efficiency and high ma-
turity of an industrial process. Many manufacturers in the
industry have begun to increase research and develop-
ment progress of the TOPCon cells. In the related art,
during manufacturing of the TOPCon cells, there are dop-
ing processes on front and back surfaces of the cells,
which easily causes the problem of leakage on lateral
surfaces of the cells, thereby reducing efficiency of the
solar cells.

SUMMARY

[0003] Based on this, thereis a need to provide a solar
cell and a manufacturing method thereof, a photovoltaic
module, and a photovoltaic system which have a higher
efficiency.

[0004] In a first aspect of the embodiments of the
present disclosure, a solar cell is provided. The solar cell
includes:

a substrate including a first surface and a second
surface arranged opposite to each other and a plu-
rality of lateral surfaces adjacent to and located be-
tween the first surface and the second surface; a
plurality of pyramid base shaped textured structures
being constructed on the second surface and each
of the lateral surfaces, wherein a minimum side
length of each of top surfaces of the pyramid base
shaped textured structures arranged on the lateral
surfaces is L1, a maximum side length of each of top
surfaces of the pyramid base shaped textured struc-
tures arranged on the second surface is L2, and L1
>L2;

a doped conductive layer arranged on the first sur-
face; and

a passivated contact layer including a polysilicon
doped conductive layer, the passivated contactlayer
being arranged on the second surface.

[0005] In an embodiment, the minimum side length L1
of each of the top surfaces of the pyramid base shaped
textured structures arranged on the lateral surfaces sat-
isfies: L1 > 15 um.
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[0006] In an embodiment, any side length L3 of each
of the top surfaces of the pyramid base shaped textured
structures arranged on the lateral surfaces satisfies: 15
pm < L3 <40 pm.

[0007] Inanembodiment, the maximum side length L2
of each of the top surfaces of the pyramid base shaped
textured structures arranged on the second surface sat-
isfies: L2 <15 pm.

[0008] In an embodiment, any side length L4 of each
of the top surfaces of the pyramid base shaped textured
structures arranged on the second surface satisfies: 7
pm<L4 <10 pm.

[0009] In an embodiment, a top end of the pyramid
base shaped textured structures is provided with depres-
sions, and a depression depth D of each of the depres-
sions satisfies: 50 nm < D < 1000 nm.

[0010] In an embodiment, the solar cell further in-
cludes:

a first passivation film layer stacked on the doped
conductive layer; and
a second passivation film layer stacked on the pas-
sivated contact layer.

[0011] In a second aspect of the embodiments of the
present disclosure, a solar cell is provided. The solar cell
includes:

a substrate including a first surface and a second
surface arranged opposite to each other and a plu-
rality of lateral surfaces adjacent to and located be-
tween the first surface and the second surface; a
plurality of pyramid base shaped textured structures
being constructed on the second surface and each
of the lateral surfaces, wherein a perimeter of each
of top surfaces of the pyramid base shaped textured
structures arranged on the lateral surfaces is C1, a
perimeter of each of top surfaces of the pyramid base
shaped textured structures arranged on the second
surface is C2, and C1 > C2;

a doped conductive layer arranged on the first sur-
face; and

a passivated contact layer including a polysilicon
doped conductive layer, the passivated contact layer
being arranged on the second surface.

[0012] In a third aspect of the embodiments of the
present disclosure, a manufacturing method of a solar
cell is provided. The manufacturing method includes:

providing a base plate, the base plate including a
substrate, pyramid shaped textured structures being
constructed on surfaces of the substrate, element-
doped conductive material layers being stacked on
the surfaces of the substrate, the surfaces of the sub-
strate including a first surface and a second surface
arranged opposite to each other and a plurality of
lateral surfaces adjacent to and located between the
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first surface and the second surface;

etching and removing the element-doped conductive
material layers on the second surface and the lateral
surfaces, and etching the pyramid shaped textured
structures on the second surface and the lateral sur-
faces into pyramid base shaped textured structures,
to form a doped conductive layer on the first surface
of the substrate;

forming a passivated contact material layer on the
second surface of the substrate, the passivated con-
tact material layer including a polysilicon doped con-
ductive material layer; and

etching and removing the passivated contact mate-
rial layer wraparound deposited on a side of the first
surface and the lateral surfaces of the substrate and
etching the pyramid base shaped textured structures
on the lateral surfaces to form a passivated contact
layer on the second surface, with a minimum side
length L1 of each of top surfaces of the pyramid base
shaped textured structures arranged on the lateral
surfaces and a maximum side length L2 of each of
top surfaces of the pyramid base shaped textured
structures arranged on the second surface satisfy-
ing: L1 >L2.

[0013] In an embodiment, the element-doped conduc-
tive material layers each include an emitter material layer
and a first oxide material layer located on a side of the
emitter material layer that facing away from the pyramid
shaped textured structures; and

the step of etching and removing the element-doped con-
ductive material layers on the second surface and the
lateral surfaces, and the etching the pyramid shaped tex-
tured structures on the second surface and the lateral
surfaces into pyramid base shaped textured structures
include:

etching and removing the first oxide material layers
on the second surface and the lateral surfaces of the
substrate in a chain machine; and

etching and removing the emitter material layers on
the second surface and the lateral surfaces of the
substrate in a trough machine, and etching the pyr-
amid shaped textured structures on the second sur-
face and the lateral surfaces into the pyramid base
shaped textured structures.

[0014] In an embodiment, in the step of etching and
removing the first oxide material layers on the second
surface and the lateral surfaces of the substrate in the
chain machine,

an HF solution with a concentration of 2% to 35% is used
for etching in the step of the etching performed in the
chain machine.

[0015] In an embodiment, in the step of etching and
removing the emitter material layers on the second sur-
face and the lateral surfaces of the substrate in the trough
machine, and etching the pyramid shaped textured struc-
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tures on the second surface and the lateral surfaces into
the pyramid base shaped textured structures,
atemperature under which the step of the etching is per-
formed in the trough machine ranges from 45°C to 90°C,
and the etching is performed through a first etching so-
lution; wherein the first etching solution includes a NaOH
or KOH solution with a concentration of 5% to 20% and
an organic complex additive.

[0016] Inanembodiment, the organic complex additive
includes a cationic surfactant, sodium glycolate, and so-
dium formate.

[0017] In an embodiment, the step of forming the pas-
sivated contact material layer on the second surface of
the substrate includes:

sequentially stacking and forming a tunnel material
layer, a polysilicon doped material layer, and a sec-
ond oxide material layer on the second surface of
the substrate; and

the step of etching and removing the passivated con-
tact material layer wraparound deposited on the side
of the first surface and the lateral surfaces of the
substrate and the etching the pyramid base shaped
textured structures on the lateral surfaces include:

etching and removing the second oxide material
layers wraparound deposited on the first surface
and the lateral surfaces of the substrate in a
chain machine; and

etching and removing the tunnel material layer
and the polysilicon doped material layer wrapa-
round deposited on the first surface and the lat-
eral surfaces of the substrate in a trough ma-
chine, and etching the pyramid base shaped tex-
tured structures on the lateral surfaces.

[0018] In an embodiment, in the step of etching and
removing the tunnel material layer and the polysilicon
doped material layer wraparound deposited on the first
surface and the lateral surfaces of the substrate in the
trough machine, and etching the pyramid base shaped
textured structures on the lateral surfaces,

the etching is performed through a second etching solu-
tion, wherein the second etching solution includes a KOH
or NaOH solution with a concentration of 5% to 30%, and
ethylenediaminetetraacetic acid disodium salt, polysac-
charide, and sodium formate.

[0019] In a fourth aspect of the embodiments of the
present disclosure, a photovoltaic module is provided.
The photovoltaic module includes at least one cell string,
the cell string includes at least two solar cells described
above.

[0020] In a fifth aspect of the embodiments of the
present disclosure, a photovoltaic system is provided.
The photovoltaic system includes the photovoltaic mod-
ule described above.

[0021] The solar cell and the manufacturing method
thereof, the photovoltaic module, and the photovoltaic
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system have the following beneficial effects.

[0022] Since the pyramid base shaped textured struc-
tures are pyramid base shaped structures formed after
the pyramid shaped textured structures are polished, if
a side length of a top surface of each of the pyramid base
shaped textured structures is longer, a protruding height
of each of the pyramid base shaped textured structures
correspondingly formed is lower, and a degree of etching
is higher. On the contrary, if the side length of the top
surface of each of the pyramid base shaped textured
structures is shorter, the protruding height of each of the
pyramid base shaped textured structures corresponding-
ly formed is higher, and the degree of etching is lower.
By making the minimum side length L1 of each of the top
surfaces of the pyramid base shaped textured structures
arranged on the lateral surfaces and the maximum side
length L2 of each of the top surfaces of the pyramid base
shaped textured structures arranged on the second sur-
face satisfy: L1 > L2, that is, making the side lengths of
the top surfaces of the pyramid base shaped textured
structures arranged on the lateral surfaces being all
greater than the side lengths of the top surfaces of the
pyramid base shaped textured structures arranged on
the second surface, the heights of the pyramid base
shaped textured structures formed on the lateral surfaces
are lower than the heights of the pyramid base shaped
textured structures formed on the second surface. That
is, compared with the second surface, the lateral surfaces
are etched to a higher degree. As such, during formation
of the polysilicon doped conductive layer, portions of the
lateral surfaces of the substrate where doping elements
diffuse into can be removed by etching as much as pos-
sible, which can prevent formation of leakage channels
on the lateral surfaces, thereby improving efficiency of
the solar cell.

BRIEF DESCRIPTION OF THE DRAWINGS
[0023]

FIG. 1 is a schematic structural diagram of a solar
cell according to an embodiment of the present dis-
closure;

FIG. 2 is a schematic structural diagram of a lateral
surface of a substrate in the solar cell according to
an embodiment of the present disclosure;

FIG. 3 is a schematic structural diagram of a second
surface of the substrate in the solar cell according
to an embodiment of the present disclosure;

FIG. 4 is a schematic flowchart of a manufacturing
method of a solar cell according to an embodiment
of the present disclosure;

FIG. 5 is a schematic structural diagram of a base
plate in the manufacturing method of a solar cell ac-
cording to an embodiment of the present disclosure;
FIG. 6 is a schematic diagram of forming pyramid
base shaped textured structures and a doped con-
ductive layer on a substrate in the manufacturing
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method of a solar cell according to an embodiment
of the present disclosure;
FIG. 7 is a schematic diagram of forming a passivat-
ed contact layer and forming pyramid base shaped
textured structures on lateral surfaces of the sub-
strate in the manufacturing method of a solar cell
according to an embodiment of the present disclo-
sure; and
FIG. 8 is a schematic diagram of forming a first pas-
sivation film layer and a second passivation film layer
in the manufacturing method of a solar cell according
to an embodiment of the present disclosure.
[0024] Reference signs:
100: solar cell; 101: base plate; F: first surface, S:
second surface; C: lateral surface;
10: substrate; 20: pyramid base shaped textured
structures, 21: textured layer; 22: pyramid shaped
textured structures; 30: doped conductive layer; 31:
element-doped conductive material layer; 40: first
passivation film layer; 50: passivated contact layer;
51:tunnel oxide layer; 52: polysilicon doped conduc-
tive layer; 60: second passivation film layer;
71: first electrode; 72: second electrode.

DETAILED DESCRIPTION

[0025] In order to make the objectives, technical solu-
tions, and advantages of the present disclosure clearer,
specificimplementations of the present disclosure will be
described below in detail with reference to the accompa-
nying drawings. In the following description, many spe-
cific details are set forth in order to fully understand the
present disclosure. However, the present disclosure can
be implemented in many other ways different from those
described herein, and those skilled in the art can make
similar improvements without departing from the conno-
tation of the present disclosure. Therefore, the present
disclosure is not limited by specific embodiments dis-
closed below.

[0026] In the description of the present disclosure, it
should be understood that the orientation or position re-
lationships indicated by the terms "center”, "longitudinal”,
"transverse", "length", "width", "thickness", "upper”, "low-
er", "front", "back", "left", "right", "vertical", "horizontal",
"top", "bottom", "inner", "outer", "clockwise", "counter-
clockwise", "axial", "radial", "circumferential", and the like
are based on the orientation or position relationships
shown in the accompanying drawings and are intended
only to facilitate the description of the present disclosure
and simplify the description, rather than indicating or im-
plying that the apparatus or element referred to must
have a particular orientation or be constructed and op-
erated in a particular orientation, and therefore are not
to be interpreted as limiting the present disclosure.
[0027] In addition, the terms "first" and "second" are
used for descriptive purposes only, which cannot be con-
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strued as indicating or implying a relative importance, or
implicitly specifying the number of the indicated technical
features. Thus, the features defined with "first" and "sec-
ond" may explicitly or implicitly include one or more fea-
tures. In the description of the present disclosure, "a plu-
rality of" means two or more, such as two or three, unless
specifically stated otherwise.

[0028] In the description of the present disclosure, un-
less specifically stated and limited otherwise, the terms
"mount," "join," "connect", and "fix" should be understood
in a broad sense, such as, a fixed connection, a detach-
able connection, or an integral connection; a mechanical
connection, or an electrical connection; or a direct con-
nection, an indirect connection through an intermediate
medium, an internal connection between two elements,
or interaction between two elements. For those of ordi-
nary skill in the art, the specific meanings of the foregoing
terms in the present disclosure can be understood on a
case-by-case basis.

[0029] In the present disclosure, unless otherwise ex-
plicitly specified and defined, the expression a first fea-
ture being "on" or "under" a second feature may be the
case that the first feature is in direct contact with the sec-
ond feature, or the first feature is in indirect contact with
the second feature via an intermediate medium. Further-
more, the expression the first feature being "over",
"above", and "on top of" the second feature may be the
case that the first feature is directly above or obliquely
above the second feature, or only means that the level
ofthefirstfeatureis higher than that of the second feature.
The expression the first feature being "below", "under-
neath", or "under" the second feature may be the case
that the first feature is directly underneath or obliquely
underneath the second feature, or only means that the
level of the first feature is lower than that of the second
feature.

[0030] It should be noted that when one element is
referred to as being "fixed to" or "arranged on" another
element, it may be directly arranged on the another ele-
ment or an intermediate element may exist. When one
element is considered to be "connected to" another ele-
ment, it may be directly connected to the another element
or an intermediate element may co-exist. The terms "ver-
tical", "horizontal", "up”, "down", "left", "right", and similar
expressions used herein are for illustrative purposes on-
ly, and do not represent unique implementations.
[0031] A solar cell and a manufacturing method there-
of, a photovoltaic module, and a photovoltaic system ac-
cording to embodiments of the present disclosure are
described below with reference to the accompanying
drawings.

[0032] FIG. 1 is a schematic structural diagram of a
solar cell according to an embodiment of the present dis-
closure, FIG. 2 is a schematic structural diagram of a
lateral surface of a substrate in the solar cell according
to an embodiment of the present disclosure, and FIG. 3
is a schematic structural diagram of a second surface of
the substrate in the solar cell according to an embodiment
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of the present disclosure.

[0033] Referring to FIG. 1, FIG. 2, and FIG. 3, in an
aspect of the embodiments, a solar cell 100 is provided.
The solar cell 100 includes a substrate 10, a doped con-
ductive layer 30, and a passivated contact layer 50.
[0034] The substrate 10 includes a first surface F and
a second surface S arranged opposite to each other and
a plurality of lateral surfaces C adjacent to and located
between the first surface F and the second surface S. A
plurality of pyramid base shaped textured structures 20
are constructed on the second surface S and each of the
lateral surfaces C. A minimum side length of each of top
surfaces of the pyramid base shaped textured structures
20 arranged on the lateral surfaces C is L1, a maximum
side length of each of top surfaces of the pyramid base
shaped textured structures 20 arranged on the second
surface Sis L2, and L1 > L2. The doped conductive layer
30is arranged on the first surface F. The passivated con-
tact layer 50 includes a polysilicon doped conductive lay-
er 52. The passivated contact layer 50 is arranged on
the second surface S.

[0035] Since the pyramid base shaped textured struc-
tures 20 are pyramid base shaped structures formed after
the pyramid shaped textured structures 22 are polished,
if a side length of a top surface of each of the pyramid
base shaped textured structures 20 is longer, a protrud-
ing height of each of the pyramid base shaped textured
structures 20 correspondingly formed is lower, and a de-
gree of etchingis higher. Onthe contrary, ifthe side length
of the top surface of each of the pyramid base shaped
textured structures 20 is shorter, the protruding height of
each of the pyramid base shaped textured structures 20
correspondingly formed is higher, and the degree of etch-
ing is lower. By making the minimum side length L1 of
each of the top surfaces of the pyramid base shaped
textured structures 20 arranged on the lateral surfaces
C and the maximum side length L2 of each of the top
surfaces of the pyramid base shaped textured structures
20 arranged on the second surface S satisfy: L1 > L2,
that is, making the side lengths of the top surfaces of the
pyramid base shaped textured structures 20 arranged
on the lateral surfaces C being all greater than the side
lengths of the top surfaces of the pyramid base shaped
textured structures 20 arranged on the second surface
S, the heights of the pyramid base shaped textured struc-
tures 20 formed on the lateral surfaces C are lower than
the heights of the pyramid base shaped textured struc-
tures 20 formed on the second surface S. That is, com-
pared with the second surface S, the lateral surfaces C
are etched to a higher degree. As such, during formation
of the polysilicon doped conductive layer 52, portions of
the lateral surfaces C of the substrate 10 where doping
elements diffuse into can be removed by etching as much
as possible, which can prevent formation of leakage
channels on the lateral surfaces C, thereby improving
efficiency of the solar cell 100.

[0036] It may be understood that since each of the pyr-
amid base shaped textured structures 20 is formed by
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etching a pyramid shaped textured structure, the each
of the pyramid base shaped textured structures 20 may
be in a shape of a truncated pyramid, such as a truncated
triangular pyramid or a truncated quadrangular pyramid.
The top surface of the pyramid base shaped textured
structure 20 is a polygonal figure (including a case where
the top of the pyramid base shaped textured structure 20
may be approximately regarded as a plane figure, and a
case where the top of the pyramid base shaped textured
structure 20 is a plane figure). Herein, the side length of
the top surface of the pyramid base shaped textured
structure 20 refers to a side length of the polygonal figure.
In the embodiments of the present disclosure, the top
surface of the pyramid base shaped textured structure
20 may be in a shape of a triangle, a quadrangle, or the
like depending on the number of sides in the truncated
pyramid. The minimum side length of the top surface of
the pyramid base shaped textured structure 20 refers to
the shortest side length in side lengths of the polygonal
top surface of the pyramid base shaped textured struc-
ture 20. The maximum side length of the top surface of
the pyramid base shaped textured structure 20 refers to
the longest side length in the side lengths of the polygonal
top surface of the pyramid base shaped textured struc-
ture 20.

[0037] Certainly, in a case where the top surface of the
pyramid base shaped textured structure 20 is a regular
polygon, all side lengths of the top surface are equal,
thus the minimum side length of the top surface of the
pyramid base shaped textured structure 20 refers to any
side length of the polygonal top surface of the pyramid
base shaped textured structure 20, and the maximum
side length of the top surface of the pyramid base shaped
textured structure 20 refers to any side length of the po-
lygonal top surface of the pyramid base shaped textured
structure 20.

[0038] In the embodiments of the present disclosure,
the substrate 10 is configured to receive incident light
and generate photogenerated carriers. Exemplarily, the
solar cell 100 may be a TOPCon (Tunnel Oxide Passi-
vated Contact) cell, and both the first surface F and the
second surface S of the substrate 10 may be configured
to receive incident light.

[0039] In an actual situation, the solar cell 100 may
include an N-type cell and a P-type cell. The substrate
10 of the N-type cell is doped with an N-type element,
and the doped conductive layer 30 of the N-type cell is
doped with a P-type element. The substrate 10 of the P-
type cell is doped with a P-type element, and the doped
conductive layer 30 of the P-type cell is doped with an
N-type element. The doped conductive layer 30 is con-
figured to form a PN junction with the substrate 10. In the
embodiments of the present disclosure, a case in which
the substrate 10 is an N-type substrate 10 is used as an
example for illustration. In this case, the doped conduc-
tive layer 30 may be P-type doped, which may be, for
example, a boron-doped doped conductive layer 30 (also
called a P+ type emitter).
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[0040] Still referring to FIG. 1, the passivated contact
layer 50 is arranged on the second surface S. For exam-
ple, the passivated contact layer 50 may be directly
stacked on the second surface S of the substrate 10. The
passivated contact layer 50 may reduce recombinations
of carriers on a surface of the substrate 10, thereby in-
creasing an open-circuit voltage of the solar cell 100 and
improving photoelectric conversion efficiency of the solar
cell 100. The passivated contact layer 50 may include a
tunnel oxide layer 51 and a polysilicon doped conductive
layer 52 sequentially stacked on the second surface S.
Exemplarily, the tunnel oxide layer 51 is configured to
realize interface passivation on the second surface S of
the substrate 10 to achieve a chemical passivation effect.
[0041] In the embodiments of the present disclosure,
still referring to FIG. 1, the solar cell 100 may further
include a first passivation film layer 40, a second passi-
vation film layer 60, a first electrode 71, and a second
electrode 72.

[0042] The first passivation film layer 40 is stacked on
the doped conductive layer 30. The first passivation film
layer 40 plays surface passivation and antireflection roles
in the solar cell 100, may perform better chemical passi-
vation on dangling bonds on the surface of the substrate
10, and plays an antireflection role on the front surface
of the solar cell 100.

[0043] Exemplarily, the first passivation film layer 40
includes a first passivation layer (not shown) and a first
antireflection layer (not shown) that plays an antireflec-
tion role, which are sequentially stacked on the doped
conductive layer 30.

[0044] The second passivation film layer 60 is stacked
on the passivated contact layer 50. The second passiva-
tion film layer 60 may also adopt a single-layer or multi-
layer structure, and the second passivation film layer 60
may be made of silicon oxide, silicon nitride, or silicon
oxynitride. The second passivation film layer 60 may play
roles of passivation and antireflection at the same time.
[0045] The first electrode 71 is arranged on the first
passivation film layer 40, and the second electrode 72 is
arranged on the second passivation film layer 60. The
first electrode 71 is electrically connected to the doped
conductive layer 30. The second electrode 72 penetrates
through the second passivation film layer 60 and is elec-
trically connected to the passivated contact layer 50.
[0046] In the embodiments of the present disclosure,
the minimum side length L1 of each of the top surfaces
of the pyramid base shaped textured structures 20 ar-
ranged on the lateral surfaces C satisfies: L1 > 15 um.
Exemplarily, any side length L3 of each of the top sur-
faces of the pyramid base shaped textured structures 20
arranged on the lateral surfaces C satisfies: 15 um <L3
<40 pm.

[0047] In this way, portions of the lateral surfaces C
where doping elements diffuse into can be removed by
etching as much as possible, thereby minimizing a pos-
sibility of electric leakage.

[0048] Further, the maximum side length L2 of each of
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the top surfaces of the pyramid base shaped textured
structures 20 arranged on the second surface S satisfies:
L2 < 15 pm. If L2 is greater than 15 pum, the second
surface S is etched to an excessively large degree, mak-
ing the second surface S relatively flat, which may lead
to large contactresistance between the second electrode
72 and the second surface S of the substrate 10 and
result in a poor current collection effect of the solar cell
100.

[0049] Further, any side length L4 of each of the top
surfaces of the pyramid base shaped textured structures
20 arranged on the second surface S satisfies: 7 pm <
L4 <10 pm.

[0050] It may be understood that if L4 is less than 7
wm, the second surface S is etched to a relatively small
degree, and the second surface S has poor flatness,
which is not conducive to the passivated contact layer
50 to form close contact with the second surface S.
[0051] If L4 satisfies: 7 pm < L4 <10 pm, the second
surface S can be etched to a moderate degree, so that
the passivated contact layer 50 can form good contact
with the second surface S of the substrate 10, while the
passivated contact layer 50 can have good adhesion,
thereby reducing recombinations of photogenerated car-
riers on the back surface, prolonging a lifetime of minority
carriers, and improving a passivation effect. On the other
hand, contact resistance between a back electrode and
the second surface S of the substrate 10 can also be
reduced, so that the current collection effect of the solar
cell 100 is better, and the efficiency of the solar cell 100
is also improved.

[0052] In the embodiments of the present disclosure,
a top end of the pyramid base shaped textured structures
20 is provided with depressions, and a depression depth
D of each of the depressions satisfies: 50 nm <D < 1000
nm. In this way, the depression depth D can be within a
reasonable range, so as to achieve arelative flat surface,
reduce surface defect states, and improve passivation
quality.

[0053] In a second aspect of the present disclosure, a
manufacturing method of a solar cell is provided.
[0054] FIG. 4 is a schematic flowchart of a manufac-
turing method of a solar cell according to an embodiment
of the present disclosure; FIG. 5 is a schematic structural
diagram of a base plate 101 in the manufacturing method
of a solar cell according to an embodiment of the present
disclosure; FIG. 6 is a schematic diagram of forming pyr-
amid base shaped textured structures 20 and a doped
conductive layer 30 on a substrate 10 in the manufactur-
ing method of a solar cell according to an embodiment
of the present disclosure; FIG. 7 is a schematic diagram
of forming a passivated contact layer 50 and forming pyr-
amid base shaped textured structures 20 on lateral sur-
faces C of the substrate 10 in the manufacturing method
of a solar cell according to an embodiment of the present
disclosure; and FIG. 8 is a schematic diagram of forming
a first passivation film layer 40 and a second passivation
film layer 60 in the manufacturing method of a solar cell
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according to an embodiment of the present disclosure.
[0055] Referringto FIG. 4 to FIG. 8, the manufacturing
method of a solar cell provided in the embodiments of
the present disclosure includes the following steps.
[0056] In S10, a base plate 101 is provided, the base
plate 101 includes a substrate 10, pyramid shaped tex-
tured structures 22 are constructed on surfaces of the
substrate 10, element-doped conductive material layers
31 are stacked on the surfaces of the substrate 10, and
the surfaces of the substrate 10 include a first surface F
and a second surface S arranged opposite to each other
and a plurality of lateral surfaces C adjacent to and lo-
cated between the first surface F and the second surface
S.

[0057] In S20, the element-doped conductive material
layers 31 onthe second surface S and the lateral surfaces
C are etched and removed, and the pyramid shaped tex-
tured structures 22 on the second surface S and the lat-
eral surfaces C are etched into pyramid base shaped
textured structures 20, to form a doped conductive layer
30 on the first surface F of the substrate 10.

[0058] In S30, a passivated contact material layer is
formed on the second surface S of the substrate 10, and
the passivated contact material layer includes a polysil-
icon doped conductive material layer.

[0059] In S40, the passivated contact material layer
wraparound deposited on one side of the first surface F
and the lateral surfaces C of the substrate 10 are etched
and removed and the pyramid base shaped textured
structures 20 on the lateral surfaces C are etched to form
a passivated contact layer 50 on the second surface S,
such that a minimum side length L1 of each of top sur-
faces of the pyramid base shaped textured structures 20
arranged on the lateral surfaces C and a maximum side
length L2 of each of top surfaces of the pyramid base
shaped textured structures 20 arranged on the second
surface S satisfy: L1 > L2.

[0060] The pyramid shaped textured structures 22 on
the second surface S and the lateral surfaces C are
etched into pyramid base shaped textured structures 20,
and in the subsequent steps, the pyramid base shaped
textured structures 20 on the lateral surfaces C are con-
tinuously etched, so that the minimum side length L1 of
each of the top surfaces of the pyramid base shaped
textured structures 20 arranged on the lateral surfaces
C and the maximum side length L2 of each of the top
surfaces of the pyramid base shaped textured structures
20 arranged on the second surface S satisfy: L1 > L2,
and heights of the pyramid base shaped textured struc-
tures 20 formed on the lateral surfaces C are lower than
heights of the pyramid base shaped textured structures
20 formed on the second surface S. That is, compared
with the second surface S, the lateral surfaces C are
etched to a higher degree. During formation of the poly-
silicon doped conductive material layer, portions of the
lateral surfaces C of the substrate 10 where doping ele-
ments diffuse into may be removed by etching as much
as possible, which can prevent formation of leakage
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channels on the lateral surfaces C, thereby improving
efficiency of the solar cell 100.

[0061] In the embodiments of the present disclosure,
the element-doped conductive material layers 31 each
include an emitter material layer and a first oxide material
layer (not shown) located on a side of the emitter material
layer that facing away from the pyramid shaped textured
structure 22. For example, when the first surface F of the
substrate 10 is boron-diffused, an emitter material layer
may be formed on the first surface F of the substrate 10,
emitter material layers may be wraparound deposited on
the second surface S and the lateral surfaces C, and a
first oxide material layer (such as borosilicate glass
(BSG), also known as a silicon dioxide layer) may also
be formed on each surface of the emitter material layer,
as shown in FIG. 5.

[0062] In step S20 above, referring to FIG. 5 and FIG.
6 together, the step of etching and removing the element-
doped conductive material layers 31 on the second sur-
face S and the lateral surfaces C, and etching the pyramid
shaped textured structures 22 on the second surface S
and the lateral surfaces C into pyramid base shaped tex-
tured structures 20 includes:

etching and removing the first oxide material layers
on the second surface S and the lateral surfaces C
of the substrate 10 in a chain machine; and
etching and removing the emitter material layers on
the second surface S and the lateral surfaces C of
the substrate 10 in a trough machine, and etching
the pyramid shaped textured structures 22 on the
second surface S and the lateral surfaces C into the
pyramid base shaped textured structures 20.

[0063] Further, in the step of etching and removing the
first oxide material layers on the second surface S and
the lateral surfaces C of the substrate 10 in a chain ma-
chine, an HF solution with a concentration of 2% to 35%
is used for etching in the etching step performed in the
chain machine. It may be understood that during the etch-
ing, in order to prevent an influence on the emitter ma-
terial layer on the first surface F, an immersion height of
the etching solution of the chain machine should be lower
than the first surface F of the substrate 10. Therefore,
herein, the first oxide material layers on the second sur-
face S and most regions on the lateral surfaces C close
to the second surface S are actually removed.

[0064] Further, in the step of etching and removing the
emitter material layers on the second surface S and the
lateral surfaces C of the substrate 10 in a trough machine,
and etching the pyramid shaped textured structures 22
on the second surface S and the lateral surfaces C into
the pyramid base shaped textured structures 20, a tem-
perature in the etching step performed in the trough ma-
chine ranges from 45°C to 90°C, and etching is per-
formed through a first etching solution; wherein the first
etching solution includes a NaOH or KOH solution with
a concentration of 5% to 20% (further, the concentration
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is 8%) and an organic complex additive.

[0065] By adding the organic complex additive to the
above first etching solution, the organic complex additive
may specifically include a cationic surfactant, sodium gly-
colate, and sodium formate. In this way, the steps of etch-
ing and removing the emitter material layers and etching
the pyramid shaped textured structures 22 into the pyr-
amid base shaped textured structures 20 can be com-
pleted in a same etching process by controlling an etching
speed and an etching direction, and the maximum side
length L2 of each of the top surfaces of the pyramid base
shaped textured structures 20 on the second surface S
and the lateral surfaces C etched satisfies: L2 < 15 um.
[0066] In the embodiments of the present disclosure,
in step S30, the step of forming a passivated contact
material layer on the second surface S of the substrate
10 includes:

sequentially stacking and forming a tunnel material layer,
a polysilicon doped material layer, and a second oxide
material layer (which may be, for example, phosphosili-
cate glass (PSG)) on the second surface S of the sub-
strate 10.

[0067] Instep S40, referring to FIG. 7, the step of etch-
ing and removing the passivated contact material layer
wraparound deposited on one side of the first surface F
and the lateral surfaces C of the substrate 10 and etching
the pyramid base shaped textured structures 20 on the
lateral surfaces C includes:

etching and removing the second oxide material lay-
ers wraparound deposited on the first surface F and
the lateral surfaces C of the substrate 10 in a chain
machine; and

etching and removing the tunnel material layer and
the polysilicon doped material layer wraparound de-
posited on the first surface F and the lateral surfaces
C of the substrate 10 in a trough machine, and etch-
ing the pyramid base shaped textured structures 20
on the lateral surfaces C. In this way, the passivated
contact layer 50 can be formed.

[0068] Further, in the step of etching and removing the
tunnel material layer and the polysilicon doped material
layer wraparound deposited on the first surface F and
the lateral surfaces C of the substrate 10 in a trough ma-
chine, and etching the pyramid base shaped textured
structures 20 on the lateral surfaces C,

the etching is performed through a second etching solu-
tion, wherein the second etching solution includes a KOH
or NaOH solution with a concentration of 5% to 30%,
ethylenediaminetetraacetic acid disodium salt, polysac-
charide, and sodium formate.

[0069] By adding ethylenediaminetetraacetic acid dis-
odium salt, polysaccharide, and sodium formate to the
above second etching solution, steps of etching away
the tunnel material layer and the polysilicon doping ma-
terial layer and further etching the pyramid base shaped
textured structures 20 on the lateral surfaces C can be
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completed in a same etching process by controlling an
etching speed and an etching direction, and the maxi-
mum side length L1 of each of the top surfaces of the
pyramid base shaped textured structures 20 on the lat-
eral surfaces C etched satisfies: L1 > 15 um.

[0070] Further, in the step of etching and removing the
second oxide material layers wraparound deposited on
the first surface F and the lateral surfaces C of the sub-
strate 10 in a chain machine, an HF solution with a con-
centration of 2% to 35% is used for etching in the etching
step performed in the chain machine.

[0071] The manufacturing method of a solar cell in the
embodiments of the present disclosure is described be-
low with a specific example. The method includes the
following steps.

[0072] In step |, referring to FIG. 5, a substrate 10 is
textured and boron-diffused, pyramid shaped textured
structure 22 are formed on each surface of the substrate
10, and element-doped conductive material layers 31 are
stacked and formed on each surface of the substrate 10,
to form a base plate 101.

[0073] In step Il, referring to FIG. 6, the first oxide ma-
terial layers on the second surface S and the lateral sur-
faces C of the substrate 10 are etched and removed in
achain machine, and an HF solution with a concentration
of 2% to 35% is used for etching in the etching step.
[0074] The emitter material layers on the second sur-
face S and the lateral surfaces C of the substrate 10 are
etched and removed in a trough machine, and the pyra-
mid shaped textured structures 22 on the second surface
S and the lateral surfaces C are etched into the pyramid
base shaped textured structures 20. Therefore, a tex-
tured layer 21 and the doped conductive layer 30 are
formed, and any side length L4 of each of the top surfaces
of the pyramid base shaped textured structures 20 ar-
ranged on the second surface S satisfies: 7 um < L4 <
10 pwm. A temperature of the etching ranges from 45°C
to 90°C, and the etching is performed through a first etch-
ing solution. The first etching solution includes a NaOH
or KOH solution with a concentration of 5% to 20% (fur-
ther, the concentration is 8%) and an organic complex
additive.

[0075] In step I, referring to FIG. 7, a tunnel material
layer, a polysilicon doped material layer, and a second
oxide material layer are sequentially stacked on the sec-
ond surface S of the substrate 10.

[0076] In step IV, the second oxide material layers on
the first surface F and the lateral surfaces C of the sub-
strate 10 are etched and removed in the chain machine,
and an HF solution with a concentration of 2% to 35% is
used for etching in the etching step.

[0077] The tunnel material layer and the polysilicon
doped material layer wraparound deposited on the first
surface F and the lateral surfaces C of the substrate 10
are etched and removed in a trough machine, and the
pyramid base shaped textured structures 20 on the lat-
eral surfaces C are etched, to form the passivated contact
layer 50, and any side length L3 of each of the top sur-
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faces of the pyramid base shaped textured structures 20
arranged on the lateral surfaces C satisfies: 15 um < L3
<40 pm.

[0078] The etching is performed through a second
etching solution. The second etching solution includes a
KOH or NaOH solution with a concentration of 5% to
30%, ethylenediaminetetraacetic acid disodium salt,
polysaccharide, and sodium formate.

[0079] In this case, etching and removing the BSG on
one side of the first surface F and the PSG on one side
of the second surface S of the substrate 10 may also be
taken into account.

[0080] InstepV,referringtoFIG.1andFIG.8together,
a first passivation film layer 40 is formed on the doped
conductive layer 30, and a second passivation film layer
60 is formed on the passivated contact layer 50.

[0081] In step VI, referring to FIG. 1, a first electrode
71 and a second electrode 72 are manufactured on the
first passivation film layer 40 and the second passivation
film layer 60 respectively.

[0082] The solar cell 100 manufactured through step |
to step VI above is tested for battery performance with
the solar cell in the prior art. Compared with the solar cell
in the prior art, a reverse current IRev2 of the solar cell
100 in the embodiments of the present disclosure is re-
duced from 0.08 A to 0.04 A, and in a mass production
line, a proportion of the reverse current IRev2 greater
than 1 is reduced from 1.3% to 0.03%. As can be seen,
the solar cell 100 manufactured with the method in this
embodiment has higher efficiency.

[0083] In a third aspect of the present disclosure, a
solar cell 100 is provided. On the basis of the foregoing
solar cell 100, sizes of the plurality of pyramid base
shaped textured structures 20 arranged on the second
surface S and the lateral surfaces C are improved. Other
structures included in the solar cell 100 and the manu-
facturing method of a solar cell are similar to those in the
foregoing embodiments. Details are notdescribed herein
again. Exemplarily, a perimeter of each of top surfaces
of the pyramid base shaped textured structures 20 ar-
ranged on the lateral surfaces is C1, a perimeter of each
of top surfaces of the pyramid base shaped textured
structures 20 arranged on the second surface S is C2,
and C1 > C2.

[0084] Similar to the above, since the plurality of pyr-
amid base shaped textured structures 20 are pyramid
base shaped structures formed after the pyramid shaped
textured structures 22 are polished, if the perimeter of
the top surface of each of the pyramid base shaped tex-
tured structures 20 is longer, a protruding height of each
of the pyramid base shaped textured structures 20 cor-
respondingly formed is lower, and a degree of etching is
higher. On the contrary, if the perimeter of the top surface
of each of the pyramid base shaped textured structures
20 is shorter, the protruding height of each of the pyramid
base shaped textured structures 20 correspondingly
formed is higher, and the degree of etching is lower. By
making C1 > C2, that is, making the perimeters of the
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top surfaces of the pyramid base shaped textured struc-
tures 20 arranged on the lateral surfaces C being greater
than the perimeters of the top surfaces of the pyramid
base shaped textured structures 20 arranged on the sec-
ond surface S, the heights of the pyramid base shaped
textured structures 20 formed on the lateral surfaces C
are lower than the heights of the pyramid base shaped
textured structures 20 formed on the second surface S.
Thatis, compared with the second surface S, the lateral
surfaces C are etched to a higher degree. As such, during
formation of the polysilicon doped conductive layer 52,
portions of the lateral surfaces C of the substrate 10
where doping elements diffuse into can be removed by
etching as much as possible, which can prevent forma-
tion of leakage channels on the lateral surfaces C, there-
by improving efficiency of the solar cell 100.

[0085] In a fourth aspect of the embodiments of the
present disclosure, a photovoltaic module (not shown) is
provided. The photovoltaic module includes at least one
cell string. The cell string includes at least two solar cells
100 as described above. The solar cells 100 are con-
nected together by series soldering.

[0086] In a fifth aspect of the embodiments of the
present disclosure, a photovoltaic system (not shown) is
provided. The photovoltaic system includes the photo-
voltaic module described above.

[0087] The photovoltaic system may be applied to pho-
tovoltaic power stations, such as ground power stations,
rooftop power stations, and water surface power stations,
or applied to devices or apparatuses that use solar en-
ergy to generate electricity, such as user solar power
supplies, solar street lights, solar cars, and solar build-
ings. Certainly, it may be understood that application sce-
narios of the photovoltaic system are not limited thereto.
In other words, the photovoltaic system may be applied
to all fields required to use solar energy to generate elec-
tricity. Taking a photovoltaic power generation network
as an example, the photovoltaic system may include a
photovoltaic array, a combiner box, and an inverter. The
photovoltaic array may be an array of a plurality of pho-
tovoltaic modules. For example, the plurality of photo-
voltaic modules may form a plurality of photovoltaic ar-
rays. The photovoltaic arrays are connected to the com-
biner box, and the combiner box may combine currents
generated by the photovoltaic arrays. The combined cur-
rent flows through the inverter and is converted into an
alternating current suitable for a power grid, and then
connected to the power grid to realize solar power supply.
[0088] The technical features of the above-mentioned
embodiments can be combined arbitrarily. In order to
make the description concise, not all possible combina-
tions of the technical features are described in the em-
bodiments. However, as long as there is no contradiction
in the combination of these technical features, the com-
binations should be considered as in the scope of the
specification.

[0089] The above-described embodiments are only
several implementations of the present disclosure, and
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the descriptions are relatively specific and detailed, but
they should not be construed as limiting the scope of the
present disclosure. It should be understood by those of
ordinary skill in the art that various modifications and im-
provements can be made without departing from the con-
cept of the present disclosure, and all fall within the pro-
tection scope of the present disclosure. Therefore, the
patent protection of the present disclosure shall be de-
fined by the appended claims.

Claims
1. A solar cell, comprising:

a substrate comprising a first surface and a sec-
ond surface arranged opposite to each otherand
a plurality of lateral surfaces adjacent to and lo-
cated between the first surface and the second
surface; a plurality of pyramid base shaped tex-
tured structures being constructed on the sec-
ond surface and each of the lateral surfaces,
wherein a minimum side length of each of top
surfaces of the pyramid base shaped textured
structures arranged on the lateral surfacesis L1,
a maximum side length of each of top surfaces
of the pyramid base shaped textured structures
arranged on the second surface is L2, and L1 >
L2;

a doped conductive layer arranged on the first
surface; and

a passivated contact layer comprising a polysil-
icon doped conductive layer, the passivated
contactlayer being arranged on the second sur-
face.

2. The solar cell according to claim 1, wherein the min-
imum side length L1 of each of the top surfaces of
the pyramid base shaped textured structures ar-
ranged on the lateral surfaces satisfies: L1 > 15 um;
and
preferably, any side length L3 of each of the top sur-
faces of the pyramid base shaped textured struc-
tures arranged on the lateral surfaces satisfies: 15
pm <L3 <40 pm.

3. Thesolarcell according to claim 1, wherein the max-
imum side length L2 of each of the top surfaces of
the pyramid base shaped textured structures ar-
ranged on the second surface satisfies: L2 < 15 um.

4. The solar cell according to claim 3, wherein any side
length L4 of each of the top surfaces of the pyramid
base shaped textured structures arranged on the
second surface satisfies: 7 pm < L4 <10 pm.

5. The solar cell according to claim 1, wherein a top
end of the pyramid base shaped textured structures
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is provided with depressions, and a depression
depth D of each of the depressions satisfies: 50 nm
<D <1000 nm.

The solar cell according to any one of claims 1 to 5,
wherein the solar cell further comprises:

a first passivation film layer stacked on the
doped conductive layer; and

a second passivation film layer stacked on the
passivated contact layer.

A solar cell, comprising:

a substrate comprising a first surface and a sec-
ond surface arranged opposite to each other and
a plurality of lateral surfaces adjacent to and lo-
cated between the first surface and the second
surface; a plurality of pyramid base shaped tex-
tured structures being constructed on the sec-
ond surface and each of the lateral surfaces,
wherein a perimeter of each of top surfaces of
the pyramid base shaped textured structures ar-
ranged on the lateral surfaces is C1, a perimeter
of each of top surfaces of the pyramid base
shaped textured structures arranged on the sec-
ond surface is C2, and C1 > C2;

a doped conductive layer arranged on the first
surface; and

a passivated contact layer comprising a polysil-
icon doped conductive layer, the passivated
contact layer being arranged on the second sur-
face.

8. A manufacturing method of a solar cell, comprising:

providing a base plate, the base plate compris-
ing a substrate, pyramid shaped textured struc-
tures being constructed on surfaces of the sub-
strate, element-doped conductive material lay-
ers being stacked on the surfaces of the sub-
strate, the surfaces of the substrate comprising
a first surface and a second surface arranged
opposite to each other and a plurality of lateral
surfaces adjacent to and located between the
first surface and the second surface;

etching and removing the element-doped con-
ductive material layers on the second surface
andthe lateral surfaces, and etching the pyramid
shaped textured structures on the second sur-
face and the lateral surfaces into pyramid base
shaped textured structures, to forma doped con-
ductive layer on the first surface of the substrate;
forming a passivated contact material layer on
the second surface of the substrate, the passi-
vated contact material layer comprising a poly-
silicon doped conductive material layer; and
etching and removing the passivated contact
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material layer wraparound deposited on a side
of the first surface and the lateral surfaces of the
substrate and etching the pyramid base shaped
textured structures on the lateral surfaces to
form a passivated contact layer on the second
surface, with a minimum side length L1 of each
of top surfaces of the pyramid base shaped tex-
tured structures arranged on the lateral surfaces
and a maximum side length L2 of each of top
surfaces of the pyramid base shaped textured
structures arranged on the second surface sat-
isfying: L1 > L2.

The manufacturing method of a solar cell according
to claim 8, wherein the element-doped conductive
material layers each comprise an emitter material
layer and a first oxide material layer located on a
side of the emitter material layer that facing away
from the pyramid shaped textured structures; and
the step of etching and removing the element-doped
conductive material layers on the second surface
and the lateral surfaces, and the etching the pyramid
shaped textured structures on the second surface
and the lateral surfaces into pyramid base shaped
textured structures comprises:

etching and removing the first oxide material lay-
ers on the second surface and the lateral sur-
faces of the substrate in a chain machine; and
etching and removing the emitter material layers
on the second surface and the lateral surfaces
ofthe substrate in a trough machine, and etching
the pyramid shaped textured structures on the
second surface and the lateral surfaces into the
pyramid base shaped textured structures.

The manufacturing method of a solar cell according
to claim 9, wherein in the step of etching and remov-
ing the first oxide material layers on the second sur-
face and the lateral surfaces of the substrate in the
chain machine,

an HF solution with a concentration of 2% to 35% is
used for etching in the step of the etching performed
in the chain machine.

The manufacturing method of a solar cell according
to claim 9, wherein in the step of etching and remov-
ing the emitter material layers on the second surface
and the lateral surfaces of the substrate in the trough
machine, and the etching the pyramid shaped tex-
tured structures on the second surface and the lat-
eral surfaces into the pyramid base shaped textured
structures,

a temperature under which the step of etchingis per-
formed in the trough machine ranges from 45°C to
90°C, and the etching is performed through a first
etching solution; wherein the first etching solution
comprises a NaOH or KOH solution with a concen-
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tration of 5% to 20% and an organic complex addi-
tive.

The manufacturing method of a solar cell according
to claim 11, wherein the organic complex additive
comprises a cationic surfactant, sodium glycolate,
and sodium formate.

The manufacturing method of a solar cell according
to claim 8, wherein the step of forming the passivated
contact material layer on the second surface of the
substrate comprises:

sequentially stacking and forming a tunnel material
layer, a polysilicon doped material layer, and a sec-
ond oxide material layer on the second surface of
the substrate; and

the step of etching and removing the passivated con-
tact material layer wraparound deposited on the side
of the first surface and the lateral surfaces of the
substrate and the etching the pyramid base shaped
textured structures on the lateral surfaces compris-
es:

etching and removing the second oxide material
layers wraparound deposited on the first surface
and the lateral surfaces of the substrate in a
chain machine; and

etching and removing the tunnel material layer
and the polysilicon doped material layer wrapa-
round deposited on the first surface and the lat-
eral surfaces of the substrate in a trough ma-
chine, and etching the pyramid base shaped tex-
tured structures on the lateral surfaces.

The manufacturing method of a solar cell according
to claim 13, wherein in the step of etching and re-
moving the tunnel material layer and the polysilicon
doped material layer wraparound deposited on the
first surface and the lateral surfaces of the substrate
in the trough machine, and etching the pyramid base
shaped textured structures on the lateral surfaces,
the etching is performed through a second etching
solution, wherein the second etching solution com-
prises a KOH or NaOH solution with a concentration
of 5% to 30%, and ethylenediamine tetraacetic acid
disodium salt, polysaccharide, and sodium formate.

A photovoltaic module, comprising at least one cell
string, each of the at least one cell string comprising
atleast two solar cells according to any one of claims
1to7.
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Providing a base plate, the base plate including a substrate, pyramid shaped textured
structures being constructed on surfaces of the substrate, element-doped conductive
material layers being stacked on the surfaces of the substrate, the surfaces of the
substrate including a first surface and a second surface arranged opposite to each other
and a plurality of lateral surfaces adjacent to and located between the first surface and
the second surface.
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Etching and removing the element-doped conductive material layers on the second
surface and the lateral surfaces, and etch the pyramid shaped textured structures on the
second surface and the lateral surfaces into pyramid base shaped textured structures, to
form a doped conductive layer on the first surface of the substrate.

/ 520

'

Forming a passivated contact material layer on the second surface of the substrate, the
passivated contact material layer including a polysilicon doped conductive material

J 530

layer.

Etching and removing the passivated contact material layer wraparound deposited on a
side of the first surface and the lateral surfaces of the substrate and etching the
pyramid base shaped textured structures on the lateral surfaces to form a passivated
contact layer on the second surface, with a minimum side length L1 of each of top
surfaces of the pyramid base shaped textured structures arranged on the lateral
surfaces and a maximum side length L2 of each of top surfaces of the pyramid base
shaped textured structures arranged on the second surface satisfying: L1 > L2.
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